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Wheat stem rust (Puccinia graminis f. sp tritici)  also known as 'polio of agriculture' is a ravaging disease of 
wheat (Triticum aestivum L.) making it a foremost confront to wheat production in Ethiopia and other wheat 
producing countries of the world due to the frequently evolving of virulent pathogen races. Because of this, 
searching novel genes in wheat genotypes is a critical issue. Twenty eight advanced bread wheat genotypes were 
evaluated for their response against stem rust caused by Puccinia graminise under field conditions at Kulumsa 
and Asassa during 2018 main growing season. Evaluation was carried out through disease assessment including 
terminal stem rust severity (TRS) and coefficient of infection (ACI) under natural infection. Twenty two wheat 
genotypes viz; ETBW-8858, ETBW-8870, ETBW-8583, ETBW-8684, ETBW-9548, ETBW-9549, ETBW-9554, 
ETBW-9558, ETBW-9559, ETBW-9560, ETBW-8751, ETBW-8862, ETBW-8804, ETBW-8896, ETBW-8991, 
ETBW-9560, ETBW-9556, ETBW-9486, ETBW-9561, ETBW-9550, ETBW-9553 and ETBW-9555 out of 
twenty-eight evaluated genotypes were discovered to be adult plant resistant (TRS < 30 and ACI < 20 ) to stem 
rust disease at both screening sites. Therefore, these genotypes with high stem rust resistance could be 
backcrossed to widely acclimatized and high yielding but susceptible Ethiopian wheat varieties to prevent further 
wheat yield declines. However, may need to evaluate for seedling response to confirm whether the genotypes are 
true adult plant resistant. 
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1. Introduction 
Wheat ranks first as a cultivated cereal in the world (>200 mha annually) and is the most important crop with 
respect to sustaining food security (Shiferaw et al 2013). Ethiopia is the most important wheat-growing country 
in sub-Saharan Africa, with 1.6 million hectares and annual grain production of 4.5 million tons at 2.67 t grain 
yield per hectare (Central Statistical Agency 2017). Wheat and wheat products represent 14 percent of the total 
caloric intake in Ethiopia, making wheat the second-most important food, behind maize (19 percent) and ahead 
of teff, sorghum, and enset (10-12 percent each) (FAO, 2014). However, enhancing the production in the face of 
changing climate inter alia requires protection against biotic stresses (Singh et al 2011; 2008) that cause huge 
yield loss. Among various biotic stresses, three rust diseases (stem rust, leaf rust and stripe rust) are the major 
threats to wheat production globally (Murray,2009).  
All three rust pathogens belong to the genus Puccinia are host-specific viz., P. graminis f. sp. tritici Erik. & 
E. Henn. for stem rust, P. triticina Erik. for leaf rust and P. striiformis West. for the stripe rust. Of the three, stem 
and yellow rust are the most devastating in Ethiopia (Olivera et al., 2015).  
Under favorable environmental conditions, stem rust can cause yield losses of up to 100% in susceptible 
wheat varieties (Roelfs, 1985b). The yield loss due to this disease is usually greatest  
if the disease becomes severe before the grain is completely formed, but yield losses are generally 
influenced by the resistance level of the cultivar grown, the weather conditions and the onset of the disease 
(Luig, 1985; Roelfs, 1985a). 
The first devastating effects of stem rust epidemics was recorded in East Africa (in Kenya in the early 
1990s and Ethiopia in 1972) because of a breakdown of the resistance gene Sr36 in cultivar Enkoy (Kebede et al. 
1995). In Ethiopia, an epidemic of stem rust of wheat occurred in 1972, due to the loss of resistance in cultivar 
Lakech, which was grown on large area. Similarly, the cultivar Enkoy went out of production in the country after 
the epidemics in 1972. In Ethiopia, yield losses due to stem rust have been reported to be in the range of 61-
100% depending on the susceptibility of the variety and environmental conditions (Eshetu, 1985; Shank, 1994). 
In order to reduce losses associated with wheat stem rust, planting resistant varieties is eco-friend and cost 
effective option. However, breeding for wheat rust resistance always requires constant novel sources of 
resistance genes, due to the appearance of new virulent pathogen races (Singh et al., 2011) In most cases of 
country breeding programs wheat cultivars were replaced by new resistant cultivars due to susceptibility to rusts 
(Admassu et al., 2009).  
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However, the only effective way to eliminate crop yield losses due to leaf rust infection (other than the use 
of fungicides rarely a cost effective option) are through planting stem rust resistant wheat varieties. Therefore, 
the objective of this investigation was to evaluate 28 advanced bread wheat genotypes against stem rust under 
Ethiopian wheat belt zone rust screeing sites at field conditions to select the resistant genotype to be included in 
wheat breeding programs. 
 
2. Materials and Methods 
2.1. Descriptions of study area 
Arsi, with diverse agro-ecological zones, main wheat belt of east Africa and prevalence of pathogens, affords a 
chance to screen wheat germplasm at various disease hotspots on a large scale. 
Asassa, major wheat producer district in south East Ethiopia located at 39o 11' 43'' E and 07o 05' 57''N 
altitude of 2371m above sea level. It has a mean annual temperature of 180C and 930mm rainfall. The economy 
of the districts is dominated by agriculture. The farming system is mainly characterized by producing annual 
cereals mainly wheat in the absence of crop rotation in the main meher growing season. This screening site is a 
hotspot for leaf and stem rusts and is the natural epicenter of initial inoculum of these rusts. Therefore, infection 
occurs naturally in susceptible cultivars. 
Kulumsa research center is located at 08o 01' 10'' N, 39o 09' 11'' E and at 2200 meters above sea level 
(m.a.s.l). It receives mean annual rainfall of 820 mm representing highland and high rainfall agro ecology. The 
monthly mean minimum and maximum temperature is 10.5 and 22.8°C respectively. The sites dominant soil 
type is loam type, which is fertile. 
 
2.2. Planting materials and experimental procedure 
Twenty-eight advanced bread wheat lines used in the present study obtained from Kulumsa Agricultural 
Research center, Ethiopian national wheat research excellence. Their pedigree sources were used in this study 
(Table 1).This experiments was carried out at two wheat rust screening sites i.e. Kulumsa agricultural research 
center and Asassa agricultural research site Ethiopia during 2018 growing season. These experiments were 
planted in randomized complete block design (RCBD) with 3 replicates. The tested wheat genotypes were 
planted in plots containing two rows of 1.2m × 1m width and length respectively. In order to engage uniform 
spread of inoculums and for adequate disease development during the trial period, a universal susceptible wheat 
cultivar ‘Morocco' was planted a week earlier as infector row between blocks perpendicular to entries. The 
infector rows were sprayed and injected with active uredinospores collected and maintained at Kulumsa wheat 
rust laboratory, south east Ethiopia. To maintain crop stand/vigor normal agronomic practices including 
recommended fertilization dose and irrigation schedule were applied.   
Table 1. The wheat genotypes with their pedigree used in the study 






8858 SWSR22T.B./2*BLOUK #1//WBLL1*2/KURUKU 
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9547 MUTUS*2/AKURI//MUTUS*2/TECUE #1 
15 
ETBW 
9548 REEDLING #1//KFA/2*KACHU 
16 
ETBW 











































9560 CHWINK/GRACKLE #1//FRNCLN 
28 
ETBW 
9561 TRAP#1/BOW/3/VEE/PJN//2*TUI/4/BAV92/RAYON/5/KACHU #1*2/6/KINGBIRD #1 
29 Morocco Universal susceptible check 
   
 
2.3. Disease assessment 
Terminal stem rust severity data recording was started from the first appearance of yellow rust on the susceptible 
check and continued every 14 days from all plants until the early dough stage [25]. Final rust severity includes 
two components i.e. disease severity based on modified Cobb,s scale (Peterson et al., 1948), where Tr = less than 
5 % and  5 = 5 % up to 100 = 100 %, and host response (infection type) based on scale described by Stakman et 
al. (1962), which was expressed in five types as follows: immune (0), resistant (R), moderately resistant (MR), 
moderately susceptible (MS) and susceptible (S) moderately susceptible to moderately resistant (MSMR). 
Coefficient of infection (CI) was calculated by multiplying rust severity with constant values of infection 
type (IT). The constant values for infection types were used based on; R = 0.2, MR = 0.4, X = 0.6, MS = 0.8 and 
S = 1 (Stubbs et al., 1986). Average coefficient of infection (ACI) was derived from the sum of CI values of 
each line divided by number of scoring times.  
 
3. Results and Discussion 
A total of 28 advanced bread wheat genotypes were tested for adult plant resistance to stem rust disease at 
Asassa agricultural research experimental site and Kulumsa agricultural research center south East Ethiopia, 
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Kulumsa    Asassa 
Final  ACI                      FRS                   ACI 
1 ETBW 8751 10ms 8 15ms 12 
2 ETBW 8858 0 0 0 0 
3 ETBW 8870 tms 1.6 Tms 1.6 
4 ETBW 8802 50s 50 40s 40 
5 ETBW 8991 20ms 16 15ms 12 
6 ETBW 8862 0 0 0 0 
7 ETBW 8804 0 0 0 0 
8 ETBW 8996 0 0 0 0 
9 ETBW 8583 10ms 8 15ms 12 
10 ETBW 8668 60s 60 50s 50 
11 ETBW 8595 50s 50 40s 40 
12 ETBW 8684 0 0 0 0 
13 ETBW 9486 10ms 8 15ms 12 
14 ETBW 9547 20ms 16 20ms 16 
15 ETBW 9548 15ms 12 25ms 20 
16 ETBW 9549 tms 1.6 Tms 1.6 
17 ETBW 9550 15ms 12 10ms 8 
18 ETBW 9551 30s 30 25ms 20 
19 ETBW 9552 40s 40 40s 40       
20 ETBW 9553 0 0 0 0 
21 ETBW 9554 tms 1.6 5ms 4 
22 ETBW 9555 0 0 0 0 
23 ETBW 9556 0 0 0 0 
24 ETBW 9557 70s 70 60s 60 
25 ETBW 9558 0 0 0 0 
26 ETBW 9559 5ms 4 Tms 1.6 
27 ETBW 9560 5ms 4 5ms 4 
28 ETBW 9561 5ms 4 10ms 8 
29 Morocco 80S 80 70S 70 
Data in Table (2) showed that, final stem rust severity of the tested genotypes ranged from 0-70 to 0 to 60% 
at Kulumsa and Asassa screening sites respectively. Out of 28 tested genotypes, 23 genotypes showed admirable 
slow rusting resistance (0-30%) to terminal stem rust severity at both locations. These genotypes were ETBW-
8858, ETBW-8870, ETBW-8583, ETBW-8684, ETBW-9548, ETBW-9549, ETBW-9554, ETBW-9558, ETBW-
9559, ETBW-9560, ETBW-8751, ETBW-8862, ETBW-8804, ETBW-8896, ETBW-8991, ETBW-9560, ETBW-
9556, ETBW-9486, ETBW-9561, ETBW-9550, ETBW-9551, ETBW-9553 and ETBW-9555. 
According to Ali et al., (2008) genotypes with ACI values of 0-20, 21-40, 41-100 were regarded as high, 
moderate and low levels of adult plant resistance, respectively. In this study, 88% and 92.8% of the tested 
genotype namely, ETBW-8858, ETBW-8870, ETBW-8583, ETBW-8668, ETBW-8595, ETBW- 8684, ETBW-
9548, ETBW-9549, ETBW-9552, ETBW-9554, ETBW-9558, ETBW-9559, ETBW-9560, ETBW-875, ETBW-
8802, ETBW-8862, ETBW-8804, ETBW-8896, ETBW-9557, ETBW- 8991, ETBW-9486 and ETBW-9561 
showed ACI values between 0 and 20 at Kulumsa and Asassa experimental locations and were designated as 
having a high level of slow rusting genes. On the other hand, the susceptible check Morocco and four ETBW-
8802,ETBW 8668, ETBW-8595 and ETBW-9557, and two ETBW-8668 and ETBW-9557 tested genotypes 
displayed ACI above 41 Table 2 and Figure 1 and 2. 
 
Figure 1: The percentage FRS values of advanced bread wheat test lines and susceptible check tested at Kulumsa 
and Asassa in 2018 growing season. 
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Figure 2: The percentage ACI values of advanced bread wheat lines and susceptible check tested at Kulumsa test 
sites in 2018. 
Information's of this study disclosed that 22 wheat genotypes namely ETBW-8858, ETBW-8870, ETBW-
8583, ETBW-8684, ETBW-9548, ETBW-9549, ETBW-9554, ETBW-9558, ETBW-9559, ETBW-9560, ETBW-
8751, ETBW-8862, ETBW-8804, ETBW-8896, ETBW-8991, ETBW-9560, ETBW-9556, ETBW-9486, ETBW-
9561, ETBW-9550, ETBW-9553 and ETBW-9555 showed acceptable level of stem rust slow rusting in both 
diseases assessment parameters, terminal rust severity and average coefficient of infections during 2018 growing 
season at both locations compared with Morocco (universal susceptible check).These wheat lines were found to 
be resistant to stem rust disease and can be used in breeding programs to release commercial cultivars as safely 
production under Ethiopian conditions. The result of this study is in agreement with Bekele Hundie et al. (2018), 
who reported advanced bread wheat lines extracted from wheat breeding trials against stem rust at adult plat 
stage under stem rust hot spot sites and at seedling stages in the greenhouse. In addition, the result of this study is 
in lined with the works of Nzuve F. (2012) who reported as evaluating wheat genotypes for both field and 
seedling resistance to stem rust and genotypes showed diverse seedling and adult plant resistance responses. 
 
4. Conclusion 
Disease tolerant wheat cultivars are believed the main issues in wheat breeding agriculture research programs to 
protect wheat plants from disease epidemics and thus from yield loss. In this study 28 wheat genotypes were 
grown at two wheat rust diseases screening hotspot sites, Kulumsa and Asassa, south East Ethiopia. The grown 
wheat genotypes were evaluated in two major diseases assessment features; terminal rust severity and average 
coffient of infection. Thus, among the 28 genotypes evaluated, 78.5% have showed high slow rusting therefore 
could be suggested either for release to production and/or also could be used for durable stripe rust resistance 
breeding in Ethiopia. 
 
References 
Admassu B., V. Lind, W. Friedt, and F. Ordon. 2009. “Virulence analysis of puccinia graminis f.sp. tritici 
populations in Ethiopia with special consideration of Ug99,” Plant Pathology, vol. 58, no. 2, pp. 362–369, 
2009. 
Ali S, Shah SJA, Maqbool K .2008. Field-Based Assessment of Partial Resistance to Yellow Rust in Wheat 
Germplasm. J. Agric. Rural. Dev. 6(1, 2):99-106. 
Bekele Hundie, Fikirte Yirga, Daniel Kassa, Endale Hailu, Tamirat Negash1, Tsegaab Tesfaye, Netsanet Bacha, 
Yewubdar Shewaye, Getaneh Woldeab, Habte Zegaye, Zerihun Tadesse, Bedada Girma1. 2018. Evaluation 
of Advanced Bread Wheat Lines for Field and Seedling Resistance to Stem Rust (Puccinia graminis f. sp. 
tritici). American Journal of Biological and Environmental Statistics, 4(2): 74-82 
Curtis BC, Rajaram S, Macpherson HG.2002.  Bread wheat improvement and production. FAO, Rome; pp. 1–17. 
[Google Scholar] 
Eshetu, B. 1985. A Review of Research on Disease of Barley, Tef and Wheat in Ethiopia. In: Tsedeke Abate 
(eds).” A Review of crop protection Research in Ethiopia. “Addis Ababa, Ethiopia, Pp 79-148.  
FAO (Food and Agriculture Organization). 2015. Food Balance Sheets. FAOSTAT. Rome. 
(http://faostat3.fao.org/download/FB/FBS/E). 
http://www.globalrust.org/sites/default/files/cereal-rusts/volume2.pdf  
Luig, NH. 1985. Epidemiology in Australia and New Zealand. pp. 301–328. In ‘‘Cereal Rusts, Vol. II: Diseases, 
Distribution, Epidemiology, and Control’’ (A. P. Roelfs and W. R. Bushnell, (eds.), Academic Press, 
Orlando.  
Murray G, Brennan J. In: Barton editor. The current and potential cost from diseases of wheat in Australia. 
Council GARD; 2009. pp. 1–70. 
Nzuve F. M., Bhavani S., Tusiime G. Njau P. and Wanyera R. 2012. Evaluation of bread wheat for both seedling 
and adult plant resistance to stem rust. African Journal of Plant Science Vol. 6(15), pp. 426-432. 
Food Science and Quality Management                                                                                                                                             www.iiste.org 




Park R. F. and C. R. Wellings, “Pathogenic specialisation of wheat rusts in Australia and New Zealand in 1988 
and 1989,” Australasian Plant Pathology, vol. 21, no. 2, pp. 61–69, 1992.View at: Publisher Site | Google 
Scholar 
Roelfs A.1988. “Resistance to leaf and stem rusts in wheat,” in Breeding Strategies for Resistance to the Rusts of, 
N. W. Simmonds and S. Rajaram, Eds., p. 1, D. F. CIMMYT, 1988.View at: Google Scholar 
Roelfs, AP. 1985a. Epidemiology in North America. In A.P. Roelfs and W.R. Bushnell. (eds.) The Cereal Rusts 
Vol. II; Diseases, Distribution, Epidemiology and Control. Academic Press, Orlando. pp. 403-434.  
Roelfs, AP. 1985b. Wheat and Rye Stem Rust. In A.P. Roelfs & W.R. Bushnell, (eds.) Cereal Rusts Vol. II; 
Diseases, Distribution, Epidemiology, and Control, Academic Press, Orlando. pp. 301-328.  
Serbessa N., Intensity and Pathogenic variability study in Arsi and Bale zones [Msc. Thesis], 2003. 
Shank, R. 1994. Wheat stem rust and drought effects on Bale agricultural production and Future prospects. 
Report on February 17–28 assessment. In ‘‘United Nations Emergencies Unit for Ethiopia.’’ 
http://www.africa.upenn.edu/eue_web/Bale_mar.txt accessed on November 29, 2007. Addis Ababa, 
Ethiopia.  
Shiferaw B, Smale M, Braun HJ, Duveiller E, Reynolds M, Muricho G. Crops that feed the world 10. Past 
successes and future challenges to the role played by wheat in global food security. Food Security. 2013; 5: 
291–317. 
Singh RP, Hodson DP, Huerta-Espino J, Jin Y, Bhavani S, Njau P, et al. The emergence of Ug99 races of the 
stem rust fungus is a threat to world wheat production. Annual Review of Phytopathology. 2011; 49: 465–
481. 10.1146/annurev-phyto-072910-095423 [PubMed] [CrossRef] [Google Scholar] 
Singh RP, Hodson DP, Huerta-Espino J, Jin Y, Njau P, Wanyera R, et al. Will stem rust destroy the world’s 
wheat crop? Advances in Agronomy. 2008; 98: 271–309. [Google Scholar] 
Singh RP, Huerta-Espino J, Roelfs AP. In: Curtis BC, Rajaram S, Go´mez Macpherson H. editors. The wheat 
rusts Bread wheat: improvement and production. FAO, Rome; 2002. pp. 227–249. [Google Scholar] 
Singh, RP., Huerta-Espino, J., Roelfs, AP. 2002. The Wheat Rusts. In: B.C. Curtis, S. Rajaram, H. Gomez 
Macpherson (eds.). Bread Wheat Improvement and Production. Food and Agriculture Organization (FAO) 
of the United Nations. Rome, Italy. 554 p. http://www.fao.org/docrep/006/y4011e/y4011e0g.htm#bm16.  
 
